ABSTRACT. The objective of this study was to explore the relationship between CYP4F2 gene polymorphism and ischemic stroke (IS) in the Han Chinese population. We performed a case-control study to genotype four single nucleotide polymorphisms (SNPs) (rs2108622, rs3093100, rs3093105, rs3093135) in the CYF4F2 gene. The genotype and haplotype distributions were compared between the case and control groups. We found that the GG genotype of rs2108622 in the CYP4F2 gene was associated with risk of IS (P = 0.023). Haplotype analysis indicated that the GGGT haplotype comprising rs2108622-rs3093100-rs3093105-rs3093135 was associated with IS, which suggests that the GGGT haplotype may be a risk factor for IS (P = 0.012). CYP4F2 gene polymorphism might increase the risk of IS in the Chinese population.
INTRODUCTION
Ischemic stroke (IS) is one of the most common diseases to affect human health and its morbidity and mortality rates are very high (Cha et al., 2014) . Previous studies have indicated that IS is a complex polygenic disease resulting from the interaction between genetic variation and environmental factors (Criado-García et al., 2011) . Although the exact genetic mechanism is unclear, some new IS susceptibility genes have recently been reported, such as the apolipoprotein (Apo) E gene (Gu et al., 2013) , the phosphodiesterase (PDE) 4D gene (Heyer et al., 2013) , the ALOX5AP gene (Ye et al., 2014) , and the interleukin (IL) 1 gene (Luo et al., 2013) . However, these genes have not been reported in all ethnicities. CYP4F2 is expressed in the liver, heart, lung, kidney, and white blood cells, and is involved in 20-hydroxy eicosane arachidonic acid (20-HETE) metabolism (Fava et al., 2012) . 20-HETE in vivo has significant physiological effects and achieves vascular smooth muscle depolarization through blocking Ca 2+ activation and K + channels, resulting in strong vasoconstriction. 20-HETE plays an important role in the regulation of renal, cerebral, coronary vasoconstriction, and pulmonary circulation (Wu et al., 2014) . Animal experiments have shown that 20-HETE can cause vasospasm after hemorrhagic stroke, and it participates in the incidence and development of ischemic stroke (Kehl et al., 2002) . When 20-HETE synthesis is suppressed in a cerebral infarction rat model, infarct size can be reduced (Imaoka et al., 2005) . In a hypertensive rat model, the increased 20-HETE production can lead to oxidative stress and endothelial cell damage, resulting in increased incidence of IS (Williams et al., 2012) . CYP4F2 is the major synthase that catalyzes arachidonic acid to generate 20-HETE. Recently, Stec et al. (2007) demonstrated that a single nucleotide polymorphism (SNP) (rs2108622, V433M) in the CYP4F2 gene can cause 20-HETE reduction from arachidonic acid. Fava et al. (2008) studied elderly patients with cerebral infarction in Sweden and found that the V433M mutation in the CYP4F2 gene is associated with cerebral infarction in male patients. A study based on the Japanese population (Nakamura et al., 2012) found that G allele frequency of rs2108622 in male patients was higher than that in the controls. The TCG haplotype comprising rs3093135-rs1558139-rs2108622 is a risk factor for IS in men (Fu et al., 2009) . However, the relationship between CYP4F2 genetic polymorphisms and IS in the Chinese population remains unclear. In the present study, we utilized a case-control study to reveal the relationship between CYP4F2 gene polymorphism and IS.
MATERIAL AND METHODS
The present study was approved by the Ethics Committee of the First Affiliated Hospital of Xinxiang Medical College and was conducted according to the standards of the Declaration of Helsinki. Written informed consent was obtained from the participants.
Subjects
A total of 310 hospitalized IS patients (190 male and 120 female) in the Department of Neurology, First Affiliated Hospital of Xinxiang Medical College were enrolled from September 2010 to April 2012. The average age was 57.8 ± 13.3 years. All the patients were unrelated Han Chinese people. The patients were diagnosed with IS according to the criteria of the 9th Edition of International Classification of Diseases (ICD9), and all patients underwent magnetic resonance imaging (MRI) or computerized tomography (CT) of the head to confirm the diagnosis. Patients with cerebral hemorrhage, subarachnoid hemorrhage, collagen disease, cerebral infarction caused by vascular inflammation, amyloidosis, arteriovenous malformations, and other diseases were excluded from this study.
During the same period, 330 healthy people in the medical center of the same hospital were selected as the control group. All the control subjects were unrelated Han people whose ages and genders were matched with the patient group. There were 211 males and 119 females whose ages ranged from 35 to 87 (58.5 ± 11.1) years. Subjects with cerebrovascular diseases, neurological diseases, kidney disease, blood disorders, cancer, peripheral vascular diseases, and autoimmune diseases were excluded from the control group. The control subjects had no history of cerebrovascular disease and no sign of cerebrovascular disease was revealed by CT or MRI scanning. Clinical characteristics, including age, gender, height, weight, blood pressure, lipids profiles, fasting glucose, past medical history, drug use history, smoking history, and alcohol consumption history were collected.
DNA extraction
Fasting venous blood (2 mL) was taken from the antecubital vein and placed in ethylenediaminetetraacetic acid (EDTA)-containing tubes. A genomic DNA extraction kit (Promega Corporation, United States) was used for DNA extraction from blood samples of the subjects according to the kit protocol.
SNPs selection
We searched tag SNP in the human HapMap Project database with the following criteria: r 2 ≥ 0.5 and minimum allele frequency ≥0.1, and we found four tag SNPs (rs3093135, rs2108622, rs3093100, and rs1558139) in the CYP4F2 gene.
Genotyping
We utilized polymerase chain reaction-restriction fragment length polymorphism to genotype the four SNPs. The primers were designed using the design software primer 5.0. The primers are shown in Table 1 . 
Statistical analysis
We utilized the SPSS 13.0 statistical software (Chicago, IL, USA) to perform the data analyses. The Hardy-Weinberg (H-W) equilibrium test was carried out by the chi-square test. The continuous data were compared using the t-test, and categorical data were compared using the chi-square test. Genotype and allele frequencies were compared using the chisquare test. Non-conditional logistic regression was used to adjust the traditional risk factors for stroke such as gender, age, body mass index, blood pressure, blood lipids, blood glucose, smoking history, history of alcohol consumption, and other confounding factors. The odds ratios (ORs) and 95% confidence intervals (CIs) were calculated before and after adjustment. We utilized the SHEsis software to perform the haplotype analyses. P < 0.05 was considered to be significant.
RESULTS

Characteristics of participants
The distribution of age, body mass index, high-density lipoprotein cholesterol, and low-density lipoprotein cholesterol showed no significant differences between the IS group and the control group. There were significant differences between the IS group and the control in hypertension, diabetes, smoking history, diastolic blood pressure, systolic blood pressure, and glucose, triglycerides, and total cholesterol concentrations (Table 2) . 
H-W equilibrium
The genotype distribution in all SNPs were in line with the H-W genetic equilibrium in both the IS and the control groups (all P > 0.05, data not shown).
Genotype and allele frequencies
We found the GG genotype frequency of rs2108622 was significantly higher in the IS patients than in the control group (P = 0.023), and the G allele frequency was also significantly higher than that in control group (P = 0.011, Table 3 ).
Logistic regression analysis showed that after adjustment of the conventional risk factors such as hypertension, diabetes, hyperlipidemia, and smoking, the difference of GG genotype frequency in male patients and the control group remained statistically significant (OR = 3.335, 95%CI = 1.324-5.543, P = 0.008).
Haplotype analyses
According to the results of linkage disequilibrium analysis, we chose rs2108622-rs3093100-rs3093105-rs3093135 to construct haplotypes using the SHEsis software. The results showed that, in total, GGGT haplotype distribution frequency in the IS group was significantly higher than in the control group. Individuals carrying the GGGT haplotype had 1.559 times increased risk of IS (OR = 1.559; 95%CI = 1.022-1.897; P = 0.012) ( 
DISCUSSION
In the present study, we found that G allele carriers have a higher risk of IS in the Han Chinese population. The genetic variation is the molecular basis of human genetic diversity. IS is caused by the interaction between environmental and genetic factors. In this study, an important human metabolic enzyme P450 gene family member, the CYP4F2 gene, was selected as the candidate gene to perform the case-control study. We found that the GG genotype of rs2108622 in the CYP4F2 gene was significantly higher in IS patient than in the control group, as was the G allele. We also found that the GGGT haplotype comprising rs2108622-rs3093100-rs3093105-rs3093135 was the susceptibility haplotype for IS. Our results are consistent with the results reported by Fu et al. (2009) , but inconsistent with results by Ward et al. (2008) and Fava et al. (2008) . Ward et al. (2008) found that the A allele was a risk factor for hypertension. The other study by Fava et al. (2012) found that the A allele was a risk factor for IS. This difference may be due to differences in race, differences in methodology, or different patient selection criteria.
Previous studies have shown that androgens can interact with CYPs; Singh and Shwartzman (2008) found that androgen-induced CYP4A8 expression reduced CYP2C23 expression and caused increased production of 20-HETE, then epoxyeicosatrienoic acid decreased, which affected the contraction of blood vessels. However, the exact mechanism of the susceptibility for IS remains unclear.
